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Introduction 26
Most multi-drug resistant microorganisms develop biofilms on the sites of wounds, posing 27 difficulties in treatment with available antibiotics and thereby causing morbidity or mortality in 28 infected patients (Karthik, 2014; Jin et al., 2019; Yuan et al., 2019) . Biofilms are formed by the 29 association of a variety of complex extracellular components such as polysaccharides, proteins, 30 lipids, toxins, metabolites and DNA (Chan and Abedon, 2015; Sharma et al., 2016) . Biofilms 31 always tend to adhere to reliable support for maintaining structural integrity (Deshpande Kaistha   32 and Kaistha, 2017; Liu and Yang, 2019) . Pathogenic bacterial biofilms are associated with both 33 acute and chronic infectious sites and provide protection to the bacteria from antimicrobial 34 agents; since the drugs cannot penetrate this structural barrier (Costerton et al., 2003; Deshpande 35 Kaistha and Kaistha, 2017) . Therefore, pathogenic bacteria that form biofilms develop antibiotic 36 resistance and are often found to be very difficult to be eliminated by the conventional antibiotics 37 (Nouraldin et al., 2016; Oliveira et al., 2017; Fang et al., 2018) . 38 Contrary to the planktonic bacterial cells, pathogenic bacterial communities in the extracellular 39 matrix usually exhibit distinct features such as:: a) intercellular signals between the community 40 (quorum sensing) (Sharma et al., 2016) , which regulates the maturation and detachment of the 41 biofilms; b) activation of secondary messengers, which plays a role in the formation of biofilms, 42 flagellar movements and production of extracellular polysaccharides (Hoggarth et al., 2019) and 43 c) expression of DNA-binding proteins, amyloid and amyloid-like proteins, Biofilm Associated 44 Proteins (Bap), and critical proteins which play a significant role in the establishment of the 45 matrix association for the bacteria to encase in biofilms (Zhu et al., 2002; Le et al., 2013; Gondil 46 and Chhibber, 2018; Schiffer et al., 2019) . Formation of biofilms depends on both internal and 47 external factors such as moist surface, energy source at the wound site, type of bacterial 48 interaction, availability of receptors on bacteria for its attachment, temperature, pH and other 49 factors (Merckoll et al., 2009; Bessa et al., 2015; Zhang et al., 2018) . Hence, interventions at any 50 of the unique features of pathogenic bacterial communities using unconventional bacterial 51 clearing agents (bacteriophages) might provide newer strategies for the management of 52 pathogenic diseases (Alharbi and Zayed, 2014; Vinodkumar et al.; Kumari et al., 2009; Dias et 53 al., 2013) . 54 Bacteriophage based therapy has been in practice for several years (Summers, 2001; Sillankorva 55 et al., 2008; Burrowes et al., 2011; Golkar et al., 2014; Dalmasso et al., 2016) . Bacteriophages 56 also have been used as therapeutics for the treatment of bacterial diseases in plants, animals, as 57 well as in humans (Delfan et al., 2012; Azizian et al., 2013; Zaczek et al., 2015) . Bacteriophages 58 when delivered at the infection site can replicate to produce a large number of active progeny, 59 which in turn produce elution factors and degrading enzymes that target the polysaccharide 60 components of the host bacteria, leading to bacterial lysis (Ghannad and Mohammadi, 2012; Stability of phages 90 The stability of vB_PAnP_PADP4, vB_ECnM_ECDP3, vB_KPnM_KPDP1, and 91 vB_SAnS_SADP1 was investigated under different thermal and pH conditions. The percentage 92 survival of phages were reduced by one order of magnitude after 60 and 90 min incubation 93 periods at 40°C, 50°C, and 60°C (Supplementary Figure 1A-D) , and the stability of phages at 94 different range of pH showed that the phages were stable within the pH range 6 to 8 and showed 95 100 % activity (Supplementary Figure 1E-H) . For all the phages tested, incubation at pH 5 and 96 9 caused 1 log decrease in the plaque-forming unit after 1 h, and incubation at pH 4 and 10 97 caused a 10-fold decrease in the plaque-forming units after 1h. Significant inactivation was 98 observed at pH 2.0, and pH 12 for all the phages and some phages of vB_PAnP_PADP4, 99 vB_ECnM_ECDP3, vB_KPnM_KPDP1, and vB_SAnS_SADP1 retain activity at pH 3 to pH 11 100 at different time intervals of 30, 60 and 90 min, the phages showed variations in their survival 101 rate at various temperature and pH. The results suggest that extreme temperatures and pH 102 conditions affect the stability of phages. 104 Previously isolated and screened MDR-bacteria from wound infections (Pallavali et al., 2017) 105 were used for the qualitative determination of biofilm formation by various methods. Congo red agar plates, 96 well culture plates, test tubes, and single-line well culture plates 108 methods, respectively. The number of bacterial isolates that can form strong to moderate or weak 109 biofilm is presented in Figure 2A basing on the intensity of color developed. The strength of 110 color developed in a crystal violet staining test as a result of strong or moderate or weak biofilm 111 formation is shown in Figure 2B . Among the total bacterial isolates used in this study, 28 strains 112 of the four pathogens showed 64.26%, 24.99%, and 10.71% strong, moderate, and weak biofilm 113 formation, respectively. Statistical comparisons among strong, moderate, and weak biofilm 114 formers are presented in supplementary Table 1 . 115 117 118 The dynamic condition with the renewal of media for every 12 h (DR) produced the highest CFU 119 count and biomass than the remaining conditions, i.e., DNR and SR at different time intervals of 120 24, 48, 72, and 96 h ( Figure 3A ). E. coli and K. pneumoniae (6.3 ± 0.55) at 48 h of incubation 121 under DR condition have the more log10 CFU count than the remaining conditions. Interestingly 122 under SR condition at 48 h of incubation, P. aeruginosa (4.3± 0.66) has a higher CFU than the 123 remaining bacteria, whereas under DNR condition at 24 h of incubation S. aureus (3.5 ± 0.30) 124 had the highest CFU than the remaining bacteria. In almost all cases, after 72 h of incubation, 125 reduction in CFU count was noticed, and in SR condition, E. coli and K. pneumoniae (1.6 ± 0.21) 126 recorded the least CFU count than the remaining organisms used in the study. The mean log of 127 CFU/mL of the single species bacteria at various conditions such as in SR, DNR, and DR showed 128 the statistically significant at p < 0.05 by one way ANOVA (with p valve = 0.0089 and R square 129 value = 0.4912) ( Supplementary Table 2 ).
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Qualitative determination of biofilm formation of MDR-bacterial isolates
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CFU count and biomasses of the bacterial biofilms under various physical conditions
131
The biomasses of bacterial biofilms at various conditions (SR, DNR, and DR) and different 132 incubation periods (24, 48, 76, and 92 h) are shown in Figure 3B . DR condition produced a high 133 amount of biomass compared to other conditions. E. coli produced a high amount of biomass 134 (0.74 ± 0.03) than the other bacteria in all the conditions. P. aeruginosa produced the least 135 amount of biomass (0.13 ± 0.021) under DNR conditions than the remaining tested bacteria. 136 Repeated measures ANOVA was performed to analyze the biomass of the single species biofilm 137 biomasses with statistical significant at P < 0.05 (with p = 0.005, R square = 0.8257) 138 ( Supplementary Table 3 ). The lytic activity on biofilms formed by P. aeruginosa, E. coli, K. pneumoniae and S. aureus, by 143 vB_PAnP_PADP4, vB_ECnM_ECDP3, vB_KPnM_KPDP1, and vB_SAnS_SADP1 respectively 144 were evaluated by quantification of biofilm biomasses using crystal violet assay. Biomasses of 145 single-species biofilms with (for 2 or 4 h) or without phage treatment obtained after 24, 48, 76, 146 and 92 h after treatment are presented in Figure 4 . The amount of biomass production by P. 147 aeruginosa was significantly reduced at all the time points tested and in all the physical 148 conditions when treated with the respective phage for 2 ( Figure 4A) . The reduction was more 149 pronounced when incubated with the phage for 4 hours. Biomass of P. aeruginosa at static 150 conditions (SR) was high (1 ± 0.0) and the lytic activity of phage vB_PAnP_PADP4at 2 h (0.057 151 ± 0.03) (57%), and at 4 h (0.0238 ± 0.02) (23%), was observed which indicates a twofold 152 reduction in biomass. In DNR conditions, the biomass obtained (0.86 ± 0.03) (86%) at 24 h was 153 significantly reduced due to high lytic activity due to 2 h (0.39 ± 0.031) (31%) or 4 h (0.19 ± 154 0.026) (19%) treatment by phage vB_PAnP_PADP4. One way ANOVA was performed to 155 analyze the biomass of 2, 4 h incubation with phage vB_PAnP_PADP4at 24, 48 72 and 96 h 156 incubation of P. aeruginosa biomass is statistical significant at P < 0.05 (p <0.0001, R square 157 value = 0.7891) and Bonferroni's Multiple Comparison Test were performed to compare the 2, 4 158 h phage action at 24, 48, 76 and 92 h biofilm and is statistically significant at P < 0.005 159 ( Supplementary Table 4A ).
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The biomass of the three other MDR-bacterial pathogens under SR, DNR, and DR conditions 162 were also obtained ( Figure 4B , C, and D). A high range of activity was noticed with S. aureus 163 ( Figure 4B ) with the highest biomass at 48 and 72 h under SR condition, at 48 h (0.89 ± 0.03) 164 under DNR and 48 h under DR conditions. Highest lytic activity was recorded at 4 h of 165 incubation with SA DP1 (0.121 ± 0.08, 0.12 ± 0.051) (12%) and is statistically significant at P < 166 0.05 with p-value = <0.001, R square value = 0.8857 ( Supplementary Table 4B ). For K. Table 4C ). E. coli ( Figure 4D )) 172 bacteria showed the maximum extent of biomass at 48 h without phage application, whereas upon 173 2 h phage infection, the biomass was 0.47 ± 0.21 (47%) and it was 0.21 ± 0.02 (21%) when 174 infected for 4 hours with EC DP3 ( Supplementary Table 4D ). (Figure 7) , showed biofilm formation to a more significant extent 184 when compared to dynamic conditions ( Figure 7A , B, C, and D). When these samples were 185 subjected to lytic phages, destruction in the biofilm architecture with clear areas were observed in 186 all the four cases ( Figure 7A1 , B1, C1, and D1). 187 The ability of bacteriophages to inhibit biofilm formation and the associated structural of phages against MDR-bacteria, and screening of multidrug-resistant bacteria were carried out as 199 described previously (Pallavali et al., 2017) . Briefly, pus swab samples from the human subjects 200 were collected while dressing the wounds. Informed consent was obtained from the patient or the 201 guardian in case the patient is a minor. P. aeruginosa yvu1 (Genbank: KY018605.1), S. aureus 202 yvu2 (Genbank: KY496615.1), K. pneumoniae yvu3 (Genbank: KY496614.1) and Escherichia 203 coli yvu4 were selected and grown on Luria agar (Himedia, Mumbai, India), at 37°C. 204 Bacteriophages vB_PAnP_PADP4 for P. aeruginosa, vB_ECnM_ECDP3 for E. coli, 205 vB_KPnM_KPDP1 for K. pneumoniae and phage vB_SAnS_SADP1 for S. aureus were isolated 206 and characterized. The bacteriophages were stored in salts of magnesium buffer (5.8gL −1 NaCl, 207 2gL −1 MgSO4.7H2O, 1M Tris HCl pH 7.5) at 4°C. Biofilms were grown in brain heart infusion 208 broth media with 5% glucose at 37°C, under various conditions such as dynamic condition 209 without renewal of media for every 12 h (DNR), dynamic condition with renewal of media for 210 every 12 h (DR) and static condition with renewal of media for every 12 h (SR) for 24 h to 96 h. 211 Growing bacteria detected biofilm formations on Congo red agar media, test tube adherence test, 212 and microtiter plate methods. The biofilm staining before and after phage treatment on the Single-step growth curve of bacteriophages 233 One step or single-step growth curves were generated to determine the latent period and burst 234 size of the bacteriophages as described (Cave et al., 1985; Skurnik et al., 2007) . In brief, 50 mL 235 of selected MDR-bacterial cultures were incubated to mid-exponential phase (A600 = 0.6), and 236 cells were harvested by centrifugation at 10,000 g for 30 sec at 4°C. The pellets were re-237 suspended in 0.5 mL of LB media and mixed with 0.5 mL of the phage filtrates having a plaque-238 forming unit (PFU) of 1x10 9 PFU. This mixture was allowed to stand for 3 min at 37°C to 239 facilitate phage adsorption on to the host cells. The mixture was then centrifuged at 13,000 g for 240 2 min to remove the free phage particles. The pellet was re-suspended in 100 mL of LB medium, 241 and culture was incubated at 37°C with shaking at 150 rpm. Samples were taken after every 5 242 min up to 70 min and after centrifugation at 13,000 g for 1 min, subjected to determination of 243 phage titer by double-layer agar method. The assay was performed in triplicates. The latent 244 period was defined as the time interval between the adsorption and the beginning of the initial 245 rise in the phage count. The burst size of respective phages was calculated as the ratio of the final 246 phage titer to the initial count of infected bacterial cells during the latent period (Agudelo Suárez   247   et al., 2002; Kwiatek et al., 2015) . (Sanchez et al., 2013; Cassat et al., 2014) . Overnight bacterial suspensions 281 made in BHI broth with 1% glucose and grown to mid-log phase (A600 = 0.1) (10 6 CFU/mL). 282 One hundred µL of bacterial suspension was then inoculated into each well and incubated 283 overnight at 37°C for 48 h. After the incubation, the plates were gently aspirated and washed with 284 1X PBS (pH 7.4) followed by staining with 100 µL of 0.1% crystal violet (Qualigens, Mumbai) 285 for 30 min at room temperature. Excess crystal violet was removed by gently washing with water. 286 In the present assay, the biofilms that were fixed using crystal violet were dissolved in 95% 287 ethanol. The biofilm was quantified by measuring the absorbance of the supernatant at 570 nm. 288 Biofilm assays were performed in triplicate for each bacterial strain tested, and their mean 289 absorbance values were determined and distinguished them as strong (> 0.24), moderate (0.12 to 290 0.24), weak (0.05 to 0.12) and zero biofilm formers (< 0.05) based on their O.D values at 570 nm 291 (Sanchez et al., 2013; Yadav et al., 2015; Zameer et al., 2016) . Physiological factors such as temperature, pH play a crucial role in phagebacterial interactions. 410 Temperature is one of the essential external factors for the phage infectivity because it has a direct 411 effect on the metabolic activities of bacterial cells. Results from this study show that the isolated 412 phages were thermally active even at 40°C, 50°C, and 60°C and phages remaining viable up to 413 60°C after 90 min of incubation. The maximum infectivity was observed at 37°C, and the least 414 infectivity was found at 60°C (Kȩsik-Szeloch et al., 2013; Piracha et al., 2014; Wang et al., 2016) . 415 We also observed that phages displayed maximum infectivity at pH 7, and their optimum range of 416 pH was 6-8, which is similar to the observations made in earlier studies (Taj et al.; Elbreki et al., 417 2014; Silva et al., 2014) . Thus, the isolation, characterization, and testing the lytic activity of 418 bacteriophages isolated in this study at different temperatures and pH confirmed with standard 419 protocols reported earlier. 420 421 According to the recent reports, it is increasingly projected that the phages can be used for the 422 eradication of both oral planktonic and biofilms formed by Actinomyces naeslundii, 423 Aggregatibacter actinomycetemcomitans, Enterococcus faecalis, Fusobacterium nucleatum, 424 Lactobacillus spp., Neisseria spp., Streptococcus spp., and Veillonella spp (Ceri et al., 1999; 425 Sillankorva et al., 2010; Cornelissen et al., 2011; Khalifa et al., 2018; Shan et al., 2018) . (Naser et al., 2017) . In this study, we report the lytic action of vB_PAnP_PADP4, 430 vB_SAnS_SADP1, vB_ECnM_ECDP3, and vB_KPnM_KPDP1, which act on P. aeruginosa, S. In conclusion, we report the successful isolation of bacteriophages from sewage samples. Further, 489 it is observed that bacterial biofilm formation by P. aeruginosa, S. aureus, K. pneumoniae, and 
